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(54) Title of Invention: Method for synthesis of nanometer size 
magnesium nitride 



(57) Abstract: 

This invention involves a method for synthesis of nanometer size 
magnesium nitride, which is made through reaction between high activity 
magnesium powder and nitrogen under the reaction conditions of normal 
pressure or a pressure below 5 Mpa and at the temperature of 300 to 
600°C. In the process of reaction, it can also be doped with transition 
metal compounds, such as compounds that contain Ni, Ti or Co elements, 
to speed up the abovementioned reaction, and the amount of transition 
metal compound to be doped is 0.1 to 20 mol%. With regard to the method 
for synthesis of magnesium nitride in this invention, the equipment as 
needed for reaction is simple, the temperature as required in the reaction 
conditions is easy to control, the product yield is high, and the produced 
magnesium nitride is of particle diameter in the range of 3 to 30 nm. 
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Claims 



1. This is a preparation method for synthesis of nanometer size magnesium nitride, and it has the following features: high 
activity magnesium powder is used as reactant magnesium powder, and the synthetic reaction can be performed under 
the conditions of normal pressure or a pressure below 5 Mpa and at the reaction temperature of 300 to 600°C. 

2. With regard to the method for preparation of nanometer size magnesium nitride as mentioned in Claim 1, it has the 
following features: the reaction can be performed under normal pressure and at the reaction temperature of 300 to 
450°C. 

3. With regard to the method for preparation of nanometer size magnesium nitride as mentioned in Claim 1, it has the 
following features: the high activity magnesium powder as the reactant can be in use of the product obtained through 
heat decomposition under normal pressure or vacuum condition in the process of catalytic synthesis of magnesium 
hydride or magnesium anthracene. 

4. With regard to the method for preparation of nanometer size magnesium nitride as mentioned in Claim 1, it has the 
following features: in the reaction, it can be doped with transition metal compounds, such as compounds that contain Ni, 
Ti or Co elements, to considerably speed up the reaction, and the amount of dopant is 0.1 to 20 mol% of the reactant 
magnesium. 
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Description 



Method for Synthesis of Nanometer Size Magnesium Nitride 

This invention involves a method for synthesis of nanometer size magnesium nitride (M&N 2 ). Specifically, high activity 
magnesium (Mg) powder is used to react with nitrogen gas under the conditions of normal pressure or increased pressure (0. 1 to 
5 Mpa) and at the temperature of 300 to 600°C to synthesize nanometer size magnesium nitride. 

MgsN 2 can be applied in many areas, and it can be used to (1) prepare high rigidity, high heat conduction, corrosion resistant, 
wear resistant and high temperature resistant nitrides of other elements; (2) prepare special ceramic materials; (3) make foaming 
agents for special alloys; (4) make special glass; (5) catalyze polymer cross bonding and (6) recover nuclear waste, etc. There are 
already some patent reports on reactions for synthesis of MgsN 2 , such as the patent of the former Soviet Union (Year 1961, U.S.S.R. 
141, 854) on use of metallic magnesium powder Mg to react above its melting point (648.8°C) with nitrogen gas and to vibrate the 
reactor in the vertical direction for synthesis of granular Mg s N 2 ; the patent of Germany (Year 1958, Ger. 1,034,594) on use of 
magnesium oxide and coal to react with N 2 under the condition of high temperature for synthesis of MgsN 2 ; and the patent of 
France (Year 1951, Fr. 996,658) on use of anhydrous magnesium sulfate to react with N 2 at 700°C and in the presence of iron 
powder for synthesis of Mg s N 2 . In some literature, there are reports that metallic magnesium powder (specific surface area 0.9 m 2 /g) 
can react with N 2 at 450°C under the condition of ionizing radiation, but Mg s N 2 yield after 18 hours of reaction is only 14% (Fomin, 
O.K.; et ah, High Energy Chem., 1985, 19, 406). The reaction temperature for synthesis of Mg s N 2 as reported in recent literature is 
above 600°C. Currently, no report is seen in the literature on the use of high activity magnesium powder Mg for synthesis of Mg s N 2 . 
No report is seen in the literature either on the synthesis of nanometer size Mg s N 2 . 

The purpose of this invention is to provide a method that can be used to synthesize nanometer size magnesium nitride under 
the conditions of normal pressure or increased pressure (0.1 to 5 Mpa) and at the relatively low temperature of 300 to 600°C. 

The following equation can be used to indicate the reaction for synthesis of nanometer size magnesium nitride in this 
invention: 

0.1 to 5 Mpa 

MgH + N 2 > Mg s N 2 

300 to 600°C 

Mgf^] employs high activity magnesium powder, which can be obtained through the publicly known method for preparation of 
high activity magnesium powder, and it can also employ the product obtained through heat decomposition under normal 
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pressure or vacuum conditions in the process of catalytic synthesis of magnesium hydride or magnesium anthracene (Chemistry 
Journal, 1988, 46, 612;). The abovementioned reaction can also be performed under the conditions of normal pressure and at the 
reaction temperature of 300 to 450°C. In the abovementioned synthetic reaction, the doping of transition metal compounds, such as 
compounds that contain Ni, Ti or Co elements, can considerably speed up the abovementioned reaction, and the increase of 
reaction speed varies with different types of dopant. Dopants are doped during the synthesis of MgH 2 or after the synthesis of 
MgH 2 ; in the same way, transition metal compounds can be doped during the synthesis of magnesium anthracene or after the 
synthesis of magnesium anthracene; and the amount of dopant is 0.1 to 20 mol% of the reactant magnesium. When the amount of 
dopant is less than 0.1%, the doping effect is not obvious; when the amount of dopant is more than 20%, the doping effect is not 
good either, and there is an excessive amount of impurities and an increase in the cost for synthesis. Implementation cases are 
presented below to further describe the synthetic method as provided in this invention. 

Implementation Case 1 Reaction for synthesis of nanometer size magnesium nitride 

Under the protection of inert gas, weigh 0.46 g of high activity magnesium powder Mg and place it in the reaction bulb that is 
connected to the eudiometer, heat to 450°C with a heat preservation electric heater, and perform the reaction for synthesis of Mg s N 2 
under normal pressure; from the amount of N 2 as absorbed (volume change in the - eudiometer), calculate the Mg s N 2 yield. After 8 
hours of reaction, the Mg s N 2 yield is 69%; after 18 hours of reaction, the Mg s N 2 yield is 81%. Through measurement by 
transmission electron microscope, the particle diameter of the product Mg s N 2 is within the range of 3 to 30 nm. 

Implementation Case 2 Synthesis of MgsN 2 through doping Mgt"^ system 

The experiment in Implementation Case 2 is performed in accordance with the experimental conditions and steps as 
mentioned in Implementation Case 1. Refer to Table 1 for the results. 

Table 1 Reaction Results from Synthesis of Mg s N 2 with Different Mgf^ Systems 



Implementation 
Case 


Dopant 


Mg s N 2 Yield (%) 


Reaction Time (h) 


1 2 4 6 8 18 


1 


N/A 


37 46 56 65 69 81 


2 


NiCl 2 


54 64 73 79 83 92 


3 


Cp 2 TiCl 2 * 


65 77 86 91 94 99 


4 


CoCl 2 


48 56 64 70 76 87 



*: Titanocene Dichloride. Reaction conditions: normal pressure (nitrogen gas atmosphere), 450°C. The amount of dopant is 
2.5 mol%. 



Implementation Case 3 Influence of reaction temperature 

The experiment in Implementation Case 3 is performed in accordance with the experimental conditions and steps as 
mentioned in Implementation Case 1. Refer to Table 2 for the results. 

In comparison with Implementation Case 1, MgsN 2 is synthesized with commercial magnesium powder 

Weigh certain amount of commercial magnesium powder (100 to 200 mesh, and metallic magnesium content is 99%), and 
perform the reaction for synthesis of MgsN 2 in accordance with the experimental conditions and steps as mentioned in 
Implementation Case 1. After 23 hours of reaction, the MgsN 2 yield is 1%. 

Based on the abovementioned implementation cases and comparisons, it is obvious that the synthetic method in this invention 
can be used for quantitative synthesis of nanometer size magnesium nitride (MgsN 2 ) with Mgf^] under the conditions of normal 
pressure and at the temperature of 450°C. This invention has put forth an important new way to make use of high activity 
magnesium powder MgJ**]. The method in this invention does not have high requirements on reaction equipment, the reaction 
conditions are under easy control, the raw materials are within easy reach, and the method is simple. 

Table 2 Influence of Reaction Temperature on the Reaction for Synthesis of Mg s N 2 



Implementation 
Case 


Reaction 
Temperature 
(°C) 


MgsN 2 Yield (%) 


Reaction Time (h) 


1 2 4 6 8 18 


2 


450 


54 .64 73 79 83 92 


5 


400 


20 27 35 42 48 56 


6 


300 


1 2 4 5.5 6.3 10 



Reaction conditions: normal pressure (nitrogen gas atmosphere). The dopant is NiCl 2 , and the amount of dopant is 2.5 mol%. 
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